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CONVERSION TABLE

Factors for converting inch-pound units to
International System of Units (SI)

Multiply Inch-Pound Units By To Obtain SI units
inches (in) 25.4 millimeters (mm)
inches per hour (in/h) 25.4 millimeters per hour
(mm/h)
2.54 centimeters per hour
(cm/h)
feet (ft) 0.3048 meters (m)
feet per mile (ft/mi) 0.1894 meters per kilometer
(m/km)
miles (mi) 2 1.609 kilometers (k) )
square miles (mi“) 2.590 square kilometerg (km")
acres 4047. square meters (m”)
acre-feet (acre-ft) 1233. cubic meters (m3)
million gallons per day (Mgal/d) 0.04381 cubic ?eters per second
(m™/s)
3785. cubic geters per day
(m”/d)
cubic feet per second (ft3/s) 0.02832 cubic ?eters per second
(m™/s)
pounds 453.6 grams (g)

TEMPERATURE CONVERSION

°F (degree Fahrenheit) 5/9 (°F-32) °C (degree Celcius)

SPECIFIC COMBINATIONS

1 Acre-ft/yr = 0.0008921 Mg§1/d
0.0013804 ft™/s

1 Acge-ft = 226.2 gal/min, during one day
1 ft3/s = 448.8 gal/min

1 ft7 /s = 0.65 Mgal/d

1 Mgal/d = 694 gal/min

Vi



‘WATER RESOURCES OF THE LOWER RIO GRANDE
DE ARECIBO ALLUVIAL VALLEY, PUERTO RICO

By

Vicente Quiniones-Aponte

ABSTRACT

An assessment of the surface-
and ground-water resources of the
lower Rio Grande de Arecibo alluvi-
al valley was made between 1981 and
1983. Rio Grande de Arecibo is the
major source of water in the valley
with a mean-annual discharge of 527
cubic feet per second (382,000
acre-feet per year). Its lowest
mean-daily flow (low flow) during
12 years of record is 50 cubic feet
per second. Withdrawals of water
from Rio Grande de Arecibo exceed-
ing 15 cubic feet per second during
periods of extreme low flows could
cause reduction of recharge to the
aquifer. However, withdrawals of
as much as 35 cubic feet per second
are possible when base flow ranges
from 90 to 200 cubic feet per
second without causing a reduction
of aquifer recharge.

An unconfined aquifer within
the alluvial valley 1s hydrauli-
cally continuous with bordering
limestone formations. A clay layer
divides the alluvial aquifer into
two separate hydraulic system.
Ground water from the alluvial
aquifer above the clay layer has
not been widely developed. However,
high~yielding wells presently yield
as much as 9.6 million gallons per
day (10,800 acre-feet per year)
from the aquifers occurring below

the clay layer within the alluvium
and underlaying limestones.

Transmissivity ranges from
3,000 feet squared per day in the
alluvial area to 42,000 feet

squared per day in the adjacent
limestone areas. Total ground-
water flow through aquifers within
the study area (excluding water
withdrawn by wells) is about 20.6
million gallons per day (23,100
acre-feet per year). Fifty percent
of this amount is estimated to flow

to the eastern area of Caio
Tiburones and discharges as springs
and seeps. An estimated 9.4

million gallons per day (10,500
acre-feet per year) of additional
ground water can be withdrawn from
the aquifers below the clay layer
without reversing the northward
hydraulic gradient.

Seepage from Rio Grande de
Arecibo to the ground-water system
at the east side of the valley is
probably the key to the development
of ground-water resources in the
Arecibo area. San Pedro spring,
with an average discharge of 8.6
million gallons per day (9,600
acre-feet per year), is undeveloped
and represents a potential alter-
nate source of water.



INTRODUCTION

The lower Rio Grande de
Arecibo Valley (fig. 1 and Plate 1)
is a water-abundant area of Puerto
Rico. Its principal drainage
feature, Rio Grande de Arecibo, has
the hi%Pest mean-annual discharge
(527 ft”/s, 13 years of record) of
any stream in Puerto Rico. The
area also has abundant ground-water
resources within alluvial and
shallow limestone aquifers.

In recent years the lower
valley of the Rio Grande de Arecibo
has been subjected to intensive
ground- and surface-water develop-
ment for public and agricultural
water supplies., At present 9.6
Mgal/d of water are withdrawn from
wells throughout the lower valley.
Further large scale withdrawal of
water from the river is proposed.
The Puerto Rico Department of
Agriculture (PRDOA) plans to
withdraw about 30,000 acre-ft/yr
from Rio Grande de Arecibo for rice
irrigation in Cano Tiburones and in
the central and lower parts of the
valley (oral comm., Luis Pico,
PRDOA, 1983). Conflicting plans
exist for diverting 179,360 acre~-
ft/yr from Dos Bocas reservoir to
San Juan to supplement the public-
water supply (Santiago Vazquez and
others, 1982, p. 29).

In 1981, the U.S. Geological
Survey, Water Resources Division,
began a 3-year investigation of the
water resources of the lower Rio
Grande de Arvrecibo Valley. The
project was conducted in coopera-
tion with the Puerto Rico Depart-
ment of Agriculture and the Puerto

Rico Department of Natural.Resources.

The objectives of the investi-
gation were to:

o Determine the availability
of surface water and of ground
water in the alluvium and the
Aymamdén and Aguada Limestones in
the lower Rio Grande de Arecibo
valley.

o Determine the general
surface- and ground-water quality
throughout the study area and
estimate the depth and areal
location of saline water within the
shallow aquifers.

o Determine the thickness of
the alluvial deposits.

o Locate areas in the valley
alluvium that receive the greatest
amount of stream seepage and
recharge from aquifers within the
limestones.

o Determine the quantity and
quality of water discharging from
major springs and seeps 1in the
study area.

o Estimate the hydrologic
budget of the lower Rio Grande de
Arecibo valley.

To meet the project objectives, a
data-collection program was imple-
mented throughout the valley (fig.
1 and table 1, in pocket) as
follows:

o Determination of water
levels in wells and adjoining
surface-water features throughout
the valley.

o Seepage-run studies of Rio
Grande de Arecibo.

o Surface~geophysical pros-
pecting (surface-electrical resis-
tivity and seismic-refraction
surveys).

o Operation of streamflow and
springflow data collection sta-
tions.

0 Pumping tests to estimate
the hydraulic characteristics of
the alluvial, alluvial-limestone,
and limestone aquifers.

o Collection of water samples







































Streamflow (Continued)

Streamflow is regulated at
several sites in the Rio Grande de
Arecibo basin: by a hydroelectric
plant at Dos Bocas reservoir
(22,000 acre-ft storage), and a
public-water supply diversion
structure located 1.3 miles up-
stream from the mouth of Rio Tanami
(4.0 ft~ /s, Plate 1).

reservoirs (Garzas, Adjuntas,
Pellejas, vivi, Jordan, and
Caonillas, fig. 6) within the

basin, Dos Bocas reservoir and the
Rio Tanama diversion are the only
regulations which directly affect
the streamflow in the study area.
A typical daily release of water
from Dos Bocgf reservoir is about

12,000,000 ft~ (275 acre-ft, fig.
g
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Figure 13.--Stage and discharge variations of Rio Grande de
Arecibo (site 38) as result of water releases from
Dos Bocas reservoir.

Long-term continuous records
are required to establish reliable
stream-flow statistics. A contin-
uous-record period of at least 10
years has been found to be satis-
factory for most purposes. For
stream sites which have less than
10 years of records, or for which

only instantaneous stream-flow
measurements exist, correlations
can help to estimate long-term
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statistical parameters such as the
7-day 10-year minimum flow and
mean-annual flow. Correlations
between concurrent flows of stream
sites within Kio Grande de Arecibo
basin having short-term and long-
term periods of records were used
to estimate streamflow statistical
parameters at short-record sites
within the basin (fig. 14).



(SITE 3)

RIO GRANDE DE ARECIBO BELOW
INSTANTANEOUS DISCHARGE, IN

ARECIBO (SITE 20) DOS BOCAS NEAR FLORIDA, PR

RIO GRANDE DE ARECIBO ABOVE

RIO TANAMA AT CHARCO HONDO
(SITE 10)

Streamflow (Continued)
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Flow Duration

A flow-duration curve is an
accumulative frequency curve that
shows the percent of time during

which a specified discharge is
equaled or exceeded in a given
period. This statistical tool is

useful in stream assessments for
hydroelectric power, flooding,
water supply, and waste assimila-
tion. Statistical procedures in
the development of duration curves
are discussed in papers by Foster
(1924, 1934), Slade (1936), and
others.

Duration curves developed for
Rio Grande de Arecibo at Central
Cambalache and RIo Tanamid near
Utuado are relatively straight,
indicating that flow is .controlled
either by impoundments or that
significant ground-water discharge
exists within the basin (fig. 15).
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Figure 15.--Flow-duration curves of
daily values for Rio
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Flow Duration(Continued)

Flow-duration curves developed
zing values for individual
s are useful for water-supply
es In which a seasonal evalua-
is necessary. A tabulation of
s obtained from these curves
cterizes the streamflow
ior during the year (table 2).

For Rio Grande de Arecibo at site
38, the analysis indicates that for
the first 7-comsecutive months of
the year, the expected discharge
would he greater than or equal to
120 ft~/s during 903percent of the
time, and 275 ft /s during 50
percent of the time (table 2).

Tabl# 2.--Summary of monthly flow duration analyses for Rfo Grande de
Arecibo (site 38).
CLASS,IN DURATION
CUBIC FOR PERIOD
FEET PER OF RECORD
SECOND PERCENT  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT Nov DEC
0 100 100 100 100 100 100 100 100 100 100 100 100 100
60 100
70 100 99 99
83 99 98 99 99 98 99
97 98 99 97 98 98 98 97 97 97
110 96 96 95 95 9% 95 93 95 96 97
130 92 89 90 88 88 91 87 90 93 98 98 96
160 86 80 80 79 79 86 81 83 85 9 96 90
180 82 74 75 74 73 84 77 79 80 91 99 94 86
220 73 65 61 63 63 77 70 70 70 86 98 88 75
250 67 58 53 54 57 72 63 62 64 82 97 86 67
300 59 46 42 44 47 65 56 53 55 74 93 80 60
350 51 36 33 34 38 58 51 45 44 67 89 75 54
410 43 28 23 24 31 52 43 36 34 57 80 66 7
480 36 23 14 18 25 43 35 29 27 L_50 71 59 41
560 29 14 8.5 13 19 35 30 22 21 43 59 49 35
660 22 7.7 2.5 10 14 27 22 15 15 35 %9 41 25
780 16 4.0 0.5 6.2 85 20 16 8.8 8.8 30 39 33 19
910 12 1.5 0.0 3.2 5.1 14 11 5.1 5.8 2 29 27 12
1100 8.0 0.3 1.0 3.6 9.2 7.4 3.2 3.7 17 22 19 6.7
1300 5.6 0.0 0.5 1.3 6.2 43 1.8 2.3 14 17 14 4.7
1500 4.2 0.0 1.0 4.0 4.1 1.4 1.6 10 13 11 4.0
1700 3.0 0.8 3.2 2.9 0.7 07 69 9.2 7.2 3.5
2000 2.0 0.3 2.0 1.9 0.5 0.2 50 57 51 2.2
2400 1.2 0.3 12 12 0.2 3.1 2.2 3.3 L7
2800 0.8 0.0 0.7 0.7 0.2 2.6 2.2 1.8 0.7
3300 0.5 0.3 0.2 0.0 1.7 1.5 1.3
3800 0.4 0.2 1.4 1.2 1.0
4500 0.2 0.0 1.0 1.0 0.3 0.3
5300 0.2 0.7 0.7
6200 0.2 0.7 0.3
7300 0.2 0.5 0.0
8600 0.1 0.5 0.0
10000 0.1 0.0
12000 0.0 0.0
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Minimum Flow

The availability of streamflow
to satisfy requirements for waste
assimilation, municipal and indus-
trial supplies, supplemental
irrigation, and maintenance of
suitable conditions for aquatic
life is commonly evaluated in terms
of minimum~flow characteristics.
Values of the 1~, 7-, and 30-day
minimum flows are commonly used to
evaluate the minimum~flow charac-
teristics of streams. Theory and
procedures to determine these
values are given by Riggs (1972).

Minimum-flow  characteristics
can be best visualized by graphics.
The 1-, 7-, and 30-day minimum-flow
values and probability percent of
occurrence decrease as the recur-
rence interval increases (fig. 16).
Therefore, the longer the recur-
rence interval, the more critical
the minimum-flow values become.
The 10-year recurrence interval
(equivalent to 90 percent probabil-
ity of occurrence) is the most
commonly wutilized in Puerto Rico
because it is considered sufficien-
tly critical for planning purposes,
and streamflow records longer than
20 years of length are often not
available. Table 3 summarizes the
1-, 7-, and 30-day minimum-flow
values for a 10-year recurrence
interval at different locations
within the Rifo Grande de Arecibo
basin. In the same manner that Dos

Bocas reservoir affects the stream-
flow of Rio Grande de Arecibo,
statistical analyses such as
minimum-flow statistics are affec-
ted.

OCCURRENCE PROBABILITY,
AS PERCENTAGE
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Figure 16.-~Minimum flow curves for

Rio Grande de Arecibo
and Rio Tanami.

Table 3.-~Summary of minimum flow values at selected stream sites
in Rfo Grande de Arecibo basin.

STREAM SITE NUMBER

STREAM LOW-FLOW DISCHARGE AT

3

10 YEARS RECURRENCE INTERVAL (ft7/s)

i
]
1
1
1
| r i
! Q1,10 I Q7,10 I Q30,10
(. 1 L
L -+
38 I 64.0 93,0 | 130.0
1 * H * : *
20 \ 35.0 58,0 | 94.0
i 1 i
1 ! 9.2 L 9.3 L 12.0
| * 1 * : *
10 E 26.4 | 26.6 : 32.0
{

*values estimated through correlation

(see figure 14b and l4c).
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below the clay layer and monthly rainfall in the valley.

(See plate 1 and table 1 for locations).
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Figure 18.-~Water levels in the alluvial aquifer in wells open above or



Aquifer Characteristics

The transmissive and storage
properties of an aquifer determine
its usefulness, in terms of yield-
ing large quantities of water to
wells for a long period of time.
Pumping tests were conducted at
several locations within the valley
to estimate the aquifer properties
(table 5). The Cooper and Jacob
modification of Theis' non-
equilibrium equation was used to
analyze the tests (Cooper and
Jacob, 1946). Estimated values of
transmissivigy ranging from 3,000
to 5,000 ft“/d were obtained at
wells open to alluvial sediments.
An estimated2 transmissivity wvalue
of 42,000 ft°/d was determined at
well 25, which is open to the
Aguada and Aymambén Limestones.
Pumping tests of wells that pene-
trate both the alluvium and lime-
stone resulted in estimated values
of transmissivity that2 range
between 5,000 and 42,000 ft“/d.

Estimated values of hydraulic
conductivity (K) range from 25 to
40 ft/d for the alluvial aquifer
for an average of 33 ft/d.

Giusti and Bennett (1976, p.
21), determined values of average
hydraulic conductivity for the
Aymamén and Aguada Limestones in
the study area as 535 ft/d and 87
ft/d, respectively. Limestone
formations are known to be very
heterogeneous, particularly where
solution cavities occur. Wells are
usually open to those parts of the
aquifer, generally the upper parts,

which are most transmissive.
Accordingly, a general value of
hydraulic conductivity calculated

from transmissivity and saturated
thickness will be inaccurate if the
entire saturated thickness of the
aquifer is assumed to have the same
hydraulic conductivity.

Table 5.-~Results of selected pumping tests, lower Rio Grande

de Arecibo valley area.

(1) (2) (3) (%)
Well Rate of flow | Duration of Apparent
map during test pumping test TraBsmissivity
number (gal/min) (minutes) (ft™/day)

11 510 446 8800

13 740 244 2980

14 690 471 21670

18 400 360 5000

21 2774 408.5 4170

25 455 172 42000






















Water Quality

Surface Water

The quality of surface water
from both Rio Grande de Arecibo and
Rio Tanamd is suitable for most
domestic and industrial purposes.
Chemical analyses show sum of
principal constituents to be 1less
than 260 mg/L (table 9). Analysis
using a multiple-trilinear diagram
(Piper, 1944) show that water in
the valley is mostly of calcium
bicarbonate type (fig. 23). High
concentrations of fecal coliform
and fecal streptococcal bacteria
constitute a major surface water
quality problem (fig. 24). The
U.S. Environmental Protection
Agency (1973, p. 351) recommends
the wutilization of water for

EXPLANATION

A 20 STREAMS AND SITE NUMBER

O 32 PRODUCTION WELLS
AND SITE NUMBER

9 43 OBSERVATION WELLS
AND SITE NUMBER

?46 SPRINGS AND SITE NUMBER

Figure 23.-—-Chemical classification of
water in percent of total
milliequivalents per liter.
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irrigation containing fecal coli-
form densities less than 1,000
colonies per 100 milliliters.
Bacteriological analyses of water
samples from Rio Grande de Arecibo
show fecal bacteria densities
greater than 1,000 colonies per 100
milliliters for some months during
1981-82 (fig. 24). Variations in
fecal bacteria concentrations
throughout years 1981-82 indicate
that runoff and streamflow season-
ally affect the amount of bacterial
contamination reaching the river
(fig. 24) with a major increase
occurring in conjunction with the
May rains.
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Figure 24.—Seasonal fluctuations of

fecal-coliform and fecal-
streptococci bacterias at
Rio Grande de Arecibo at
Central Cambalache

(site 38, plate 1).



Table 9.--Physical properties and chemical characteristics of water at lower Rfo Grande de Arecibo valley.

SPE- HARD- CAL- MAGNE- POTAS- ALRA-
CIFIC HARD- NESS CIUM SIUM, SODIUM SIUM, LINITY
INSTAN- CON- NESS NONCAR DIS- DIS- DIS- DIS- FIELD
DATE TANEOUS DUCT- TEMPER~ (MG/L BONATE SOLVED  SOLVED SOLVED SOLVED (MG/L
SAMPLING OF DISCFARGE  ANCE- pH ATURE AS (MG/L (MG/L (MG/L (MG/L (MG/L AS
SITE SAMPLING (FT3/8) (UMHOS) (UNITS) (DEG C) CACO3) CACO03) AS CA)  AS MG) AS NA) AS X) CACO03)
STREAMS
10 06-22-83  39.2 287 7.8 140 33 51 3.7 6.6 1.0 110
20 06-16-83 .7 215 7.3 25 91 o 26 6.4 11 1.7 97
38 06-16-83 324 253 8.2 27 110 0 36 5.5 9.2 1.6 120
WELLS
18 04-12-83 .91 461 7.6 26 210 0 79 4 17 .8 218
21 04-28-83 6.2 350 7.0 25 170 7 55 7.8 11 1.7 156
25 04-12-83 1.02 480 7.4 26 230 19 77 7.8 16 1.4 210
26 04-13-83 -—= 512 6.5 28.5 210 53 54 17 23 .2 152
32 04-12-83 3.41 1070 7.2 25,5 330 150 100 18 86 2.2 185
43 04-13-83 —-— 1860 7.0 28,5 190 0 25 30 340 1.6 405
44 04-14~83 —-— 637 6.6 26 240 0 65 19 29 2.6 310
SPRINGS
8 06-02-83 19.1 353 7.0 26 190 23 72 3.1 3.8 1.6 170
9 06-15-83 .86 500 7.3 24 230 0 67 16 8 1.0 250
16 06-22-83 .29 388 7.1 24 180 33 68 3.3 7.5 .9 150
46 12-08-82 10 1390 7.2 25 320 77 95 19 160 4.9 240

.

Table 9.--Physical properties and cl,:emical characteristics of water at lower Rfo Grande de
Arecibo valley {Continued).

NITRO-
SUL- CHLO- FLUO- SILICA, PHOS- MANGA- GENE, CARBON, CARBON,
FATE RIDE, RIDE, DIs- PHORUS, IRON, NESE, DIS- ORGANIC ORGANIC
DIs- DIS- DIS- SOLVED ORTHO DIS- DIS- SOLVED DIS- sus- SUM OF
SOLVED  SOLVED SOLVED (MG/L TOTAL SOLVED SOLVED NO2+NO3 SOLVED PENDED CONSTI-
SAMPLING (MG/L (MG/L (MG/L AS (MG/L (UG/L (UG/L (MG/L (MG/L (MG/L TUENTS
SITES # AS S04) AS CL) AS F) §102) AS P) AS FE) AS MN) AS N) AS C) AS C) (MG/L)
STREAMS
10 7.8 8.8 .2 10 .01 5 5 .63 —— — 223
20 12 11 .2 21 .03 3 12 <42 — —— 252
38 10 9.8 .1 17 .02 3 6 .53 —_— . 236
WELLS
18 18 15 1 12 .03 17 7 .17 -— = 512
21 18 11 1 23 .05 3 1 .55 —-— -— 318
25 14 19 .1 21 .04 8 1 2.3 -— -— 412
26 84 23 .1 32 .01 1100 340 .1 -— -— 419
32 31 210 .1 23 .03 8 1 45 . -—- 696
43 85 330 .8 4.4 .03 670 410 .85 -— —-— 1324
44 5.5 26 .1 36 .04 13000 1 .10 —-— — 561
SPRINGS
8 10 8.1 .2 5.5 .07 14 3 .75 4,2 -— 311
9 12 11 .5 10 -— 3 3 -— 2.3 4.0 430
16 5.7 11 .1 8.9 .01 3 1 2 2.1 -—- 288
46 41 280 1 6.8 -— 8 1 — -— -— 900

See Plate 1 and table 1 for locations.

MG/L = Milligrams per liter,

UG/L = Micrograms per liter.

Umhos = Micromhos per centimeter at 25 degrees celsius.

30





















SUMMARY

The major source of water
within the study area is Rio Grande
de Arecibo with a, mean-annual
discharge of 527 ft /s (382,000
acre-ft/yr). Flow-duration curves
for Rio Grande de Arecibo indicate
that rigfr discharge is more than
120 ft /s (79,700  acre-ft/yr)
during 90 percent of the time,
Minimum-flow statistics indicate
that the 7-day, 10-year minimum
flow of Rio Grande de Arecibo
rapges from 50 ft~/s upstream to 93
ft /s downstream within the allu-
vial valley. Flood flows of the
river can produce over-bank flow at
the central and lower parts of the
valley ghen discharge exceeds
17,000 ft™/s.

water occurs under
unconfined conditions throughout
the valley. The water-table
alluvial aquifer contains a rela-
tively impermeable <clay 40 ft
thick, which hydraulically isolates
an underlying alluvial and lime-
stone aquifer. The alluvial
aquifer beneath the clay is between
40 and 100 ft thick and underlain
by limestone aquifers that can be
several hundreds of feet thick.
Estimated transmissivity yalues
range from 3,000 to 5,003 ft“/d in
the alluvium to 42,000 ft~/d in the
limestone. The average hydraulic
conductivity of the alluvial
sediments was estimated as 33 ft/d.
Average hydraulic conductivity of
limestones as estimated by Giusti
and Bennett (1976) are 535 ft/d for
the Aymamén Limestone and 87 ft/d
for the Aguada Limestone. Natural
ground~water flow was estimated at
about 20.6 Mgal/d (23,100 acre-
ft/yr).

Ground

Seepage from Rio Grande de
Arecibo to limestone aquifers at
the east of the alluvial valley is
about 11.6 Mgal/d (13,300 acre-
ft/yr).

Total-annual springflow
through the alluvial valley is
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about 3,340 Mgal (10,250 acre-ft).
San Pedro and Zanja Fria are the
major springs within the area.
Water from San Pedro Spring can be
utilized as an alternate source for
water supply. Zanja Fria Spring in
the Cafio Tiburones, appears to
originate from an abandoned, now
buried channnel of Rio Grande de
Arecibo.

Fecal-bacteria contamination
is the principal water-quality
problem of Rio Grande de Arecibo.
Relatively high concentrations of
dissolved solids are common in
ground water near the coast indica-
ting the presence of saline water
in the aquifers.

Water withdrawal from Rio
Grgnde de Arecibo exceeding 15
ft/s (10,860 acre-ft/yr) during

minimum flows of the river may
reduce significantly the recharge
from the river to the aquifer;
consequently pumping wells would
induce saline water from the mixing
zone. Withdrawals d%ring base
flow of 90 to 200 f§ /s can be
increased to 35 ft7/s (25,360
acre-ft/yr). As much as 500 ft7/s
is available while water released
from Dos Bocas reservoir passes
through the valley.

Ground-water resources are
only partly developed in the study
area. The area of greatest ground-
water development in the valley is
south of Rio Tanama, from which 4.2
Mgal/d (4,700 acre-ft/yr) are
withdrawn for public water supply.

Ground-water withdrawals can be
increased by an additional 9.4
Mgal/d (10,500 acre-ft/yr). Steady

state would be approached in about
90 days after ground-water with-
drawals begin. Capture of seepage
from Rio Grande de Arecibo to the
ground-water systems at the east
side of the valley, is probably the

key to the development of the
ground-water resources in the
valley.
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